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Colorimetric Detection Method 
Field of the Invention 

The present invention relates to a method for the detection 
of species in a sample. More specifically, the present 
invention provides a method for detecting an analyte in a 
liquid sample by a color transition occurring in the sample. 

Background of the Invention 

Various methods are known in the art for the detection of 
chemical and biological species in a sample. The methods that 
are frequently used in industrial or medical applications are 
based on conventional electrochemical and spectroscopic 
means. Recently, the art has been acknowledging the potential 
of polymers characterized by an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region, as possible detectors 
of chemical species in a sample. The color change that said 
polymers exhibit by virtue of their backbone being 
structurally perturbed in the presence of the analyte of 
interest, allows the identification of said analyte in the 
sample . 

Attempts have been made to expand the utility of said 
polymers by providing particles composed therefrom, together 
with materials that can be chemically modified in the 
presence of the analyte. The chemical modification of said 
materials causes the perturbation in the polymer backbone, 
resulting in a color change, which indicates the presence of 
the analyte. WO 98/39632 discloses a method for detecting the 
presence of an analyte based on a biopolymeric material 
containing a polymer having the properties described above, 
associated with a lipid. The color change is induced by the 
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analyte chemically reacting with the lipid, for example, by 
an enzyme causing a lipid cleavage. 

It is an object of the present invention to provide a method 
for detecting analytes that cannot react chemically with said 
polymers or lipids. 

S^nrnnary of the Invention 

It has been surprisingly found by the inventors that an 
aggregate particle comprising lipids and a polymer, said 
polymer having an absorption band which may be shifted from a 
first wavelength in the visible region to a second wavelength 
in the visible region, can be used to detect analytes without 
a chemical reaction occurring between the analyte and said 
lipids or said polymer. When brought into contact with a 
sample containing the analyte, said aggregate particle 
exhibits a color transition signaling the presence of the 
analyte, albeit the fact that the analyte does not react 
chemically with the components of the polymeric matrix. 
Hereinafter, this aggregate particle will be referred to as a 
polymeric matrix comprising lipids. 

In one aspect, the present invention provides a method for 
detecting the presence of an analyte in a sample, said 
analyte being chemically non-reactive with lipids or with a 
polymer having an absorption band which may be shifted from a 
first wavelength in the visible region to a second wavelength 
in the visible region, which comprises: 

a) providing a polymeric matrix comprising said lipids and 
said polymer; 

b) introducing into said sample or into said polymeric matrix 
means enabling said analyte to cause a non-chemical change in 
said polymeric matrix; and 

c) contacting the sample with the polymeric matrix and 
observing a color transition of the matrix, indicating the 
presence of the analyte. 



WO 00/55623 




PCT/ILOO/00158 



By the term "said analyte being chemically non-reactive with 
lipids or with a polymer' 7 is meant an analyte which does not 
participate in a chemical reaction with either lipids or the 
polymer having the optical properties defined above. By the 
term "chemical reaction" is meant a reaction involving 
chemical cleavage, e.g., lipids cleavage, or any mode of 
specific interaction, or molecular recognition, between the 
lipids, or specific portions of the lipids, and the analyte, 
such as, for example, specific interaction between the 
analyte and the head groups of the lipids. Accordingly, the 
term "non-chemical change in the polymeric matrix" defines a 
change that is not associated with a chemical reaction as 
defined above. 

The means allowing the analyte to cause a non-chemical change 
in the polymeric matrix are either ionophores or a receptor 
linked to a spacer arm located within the lipid domain of the 
polymeric matrix. 

It has been found by the inventors that the polymeric matrix 
according to the present invention is capable of detecting 
ions in the tested sample, particularly metal cations, in the 
presence of ionophores . 

It has also been found by the inventors that the presence of 
a receptor alone, in association with the polymeric matrix, 
is generally not sufficient to induce (by virtue of specific 
binding of an appropriate biological ligand to said receptor) 
the color transition of the polymeric matrix. According to 
the present invention, the means allowing a biological ligand 
to cause non-chemical changes in the lipids (for example, 
structural rearrangements) , whereby a color transition is 
exhibited by the polymeric matrix, are provided by a receptor 
having the capability to bind said ligand, said receptor 
being linked to a spacer arm located within the lipid domain 
of said matrix. The spacer arm is preferably a peptide that 
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is at least partially hydrophobic, or one or more alkyl 
chains. In the latter case, the receptor is linked to said 
one or more alkyl chains synthetically. Thus, by the term 
"receptor" is here meant a molecular structure having the 
ability to specifically bind a ligand of interest, wherein, 
according to the present invention, said receptor is bound to 
the matrix through said spacer arm. The receptor may include 
one or more epitopes, antigens and antibodies. 

Polymers having an absorption band that may be shifted from a 
first wavelength in the visible region to a second wavelength 
in a visible region, which are suitable for forming the 
polymeric matrix according to the present invention, contain 
7c-conjugated electronic systems, namely, these polymers 
contain conjugated double bonds and triple carbon-carbon 
bonds. The most preferred polymer according to the present 
invention is polydiacetylene, obtained by the polymerization 
of monomers selected from the group of diacetylene lipid 
acids and diacetylene derivatives, such as, for example, 
tricosadiynoic acid, tricosadiynoic methyl esters, 
pentacosadiynoic acid and pentacosadiynoic methyl esters. In 
the absence of the analyte, polydiacetylene absorbs light at 
a first wavelength which is approximately 640 nm. In the 
presence of the analyte, the absorption is shifted to a 
second wavelength, which is approximately 520 nm. Thus, a 
color transition from blue to red indicates the presence of 
the analyte. The lipids according to the present invention 
are preferably selected from the group consisting of 
phospholipids, particularly phosphoglycerides, sphingolipids, 
ceramides and glycolipids. Compositionally , the preferred 
molar ratio between the lipid and the polymer in the matrix 
is higher than 1:5. Typically, an intense color transition in 
the matrix is observed for a molar ratio which is about 2:3. 
Higher ratios may diminish the intensity of the color 
transition. 
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According to a first embodiment of the present invention, the 
analyte is an ion, more preferably a metal cation, and the 
means allowing said ion to cause a non-chemical change in the 
lipids are ionophores. Ionophores are molecules that 
selectively bind cations and transport them across a 
membrane. Quantitatively, the molar ratio between the 
ionophores and the lipids is between 1:3 to 1:1, more 
preferably 1:2. 

According to a second embodiment of the present invention, 
the analyte to be detected is a peptide. According to one 
variant of the invention, the peptide is a short membrane 
peptide containing no more than 50 amino acids. In this 
variant, no means such as those required in step b) of the 
method are necessary for the detection of said short peptide. 
In another variant, the peptide is a membrane protein. 

Surprisingly, it has been found that the method of detection 
according to the present invention is sensitive to the 
substitution, omission or addition of one or more amino acids 
in the peptide. In the context of this variant of the 
invention, the peptide will be referred to as the "native 
peptide", whereas the term "analogue" will indicate a peptide 
in which one or more amino-acid in the native amino-acid 
sequence was substituted, omitted or added. Thus, the present 
invention provides a method for distinguishing between a 
native peptide and an analogue thereof, which comprises: 

a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample suspected of 
containing said peptide or an analogue thereof, and comparing 
the color observed with the color expected in the presence of 
the native peptide, to determine whether the native peptide 
or an analogue thereof is present in the sample. 
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The present invention also provides a method for 
distinguishing between a first analogue of a native peptide 
and a second analogue thereof, which comprises the steps of: 

a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample suspected of 
containing said first analogue or said second anlogue, and 
comparing the color observed with the color expected in the 
presence of said first analogue or said second analogue, to 
determine which analogue is present in the sample. 



The surprising sensitivity of the present invention to minor 
alterations in the peptide sequence provides a tool for 
evaluating the biological activity of various analogues of a 
given peptide based on the degree of color transitions 
exhibited by the polymeric matrix in their presence. The 
present invention thus provides a method for the evaluation 
of the biological activity of an analogue of a native 
peptide, which comprises the steps of: 

a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample containing 
said analogue, and comparing the color observed with the 
color expected in the presence of the native peptide; 

c) assessing the difference between the color observed and 
the color expected, to evaluate the similarity between the 
biological activity of said analogue and said peptide in 
membrane-related systems. 
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According to another embodiment of the present invention, the 
analyte is a biological ligand that is preferably selected 
from the group consisting of antibodies, antigens and 
epitopes. The detection of these biological ligands is 
carried out by introducing into the polymeric matrix a 
receptor having the capability to bind the ligand, wherein 
said receptor is linked to a spacer arm that is preferably a 
peptide which is at least partially hydrophobic, or one or 
more alkyl chains, the latter being synthetically linked to 
said receptor. 

Brief Description of the Drawings 

Figure 1 is a schematic representation of the polymeric 
matrix according to the present invention (PC indicates a 
specific headgroup, namely, phosphtydilcholine headgroup) . 

Figure 2 is a graph showing the color response of the 
polymeric matrix according to the present invention in the 
presence of metal cations and the ionophore valinomycin. 

Figure 3 is a graph showing the color response of the 
polymeric matrix according to the present invention in the 
presence of metal cations and the ionophore monensin. 

Figure 4 is a graph showing the color response of the 
polymeric matrix according to the present invention in the 
presence of metal cations and the ionophore A23187. 

Figure 5 depicts the selectivity of the polymeric matrix and 
a ionophore in a K + / Na + mixture. 

Figure 6 shows the UV/vis absorption spectra of a solution 
containing the polymeric matrices before and after the 
addition of the peptide melittin. 
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Figure 7 shows the colorimetric response of several solutions 
containing polymeric matrices comprising different lipids as 
a function of the concentration of the peptide melittin added 
to the solution. 



Figure 8 shows a comparison between dimyristoylphosphocholine 
(DMPC) -containing polymeric matrix and 

dipalmitoylphosphcholine (DPPC)- containing polymeric matrix 
in the detection of melittin at temperature of 27°C. 

Figure 9 illustrates the detection of an analogue of melittin 
(melittin-L9W) according to the present invention. 

Figure 10 illustrates the detection of analogues of magainin 
(magainin-KHE and magainin-KlOE, K11E) according to the 
present invention . 

Figure 11 illustrates the detection of an analyte which is an 
antibody. 

Figure 12 shows the C-13 NMR spectra of polymeric matrix 
according to the present invention, in the presence the 
ionophore valinomycin and in the presence of K + . 

Detailed Description of Preferred Embodiments 

The polymeric matrix according to the present invention is 
preferably prepared by dissolving the lipids and a monomer 
capable of forming the polymer having the optical properties 
described above in an organic solution, such as 
chloroform: ethanol mixture (1:1 v/v) , in a molar ratio which 
is in the range between 1:5 to 2.2:3, a ratio of about 2:3 
being most preferred. Following filtration of the lipids and 
the monomer, and removal of residues of the organic solvent 
therefrom, water is added to yield an aqueous solution 
containing the lipids and the monomer in a concentration 
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which is preferably between 0.5 mM to 5mM, more preferably 
between 1 to 2 mM. Sonication of the aqueous mixture is 
carried out at a temperature in the range between 60 to 85°C, 
preferably at about 70°C. The duration of the sonication is 
dependent on the power generated by the sonicator. Typically, 
the sonication is carried out for 2 to 10 minutes. For 
example, for a sonicator of 100W power, with short 
intermission between the sonication pulses, the sonication 
lasted 5 minutes. The mixture is then allowed to cool down at 
temperature of about 4°C for at least 12 hours. Subsequently, 
the polymerization of the monomer is initiated by means of 
irradiation at an appropriate wavelength (254 run for about 10 
to 60 seconds, in the case of polydiacetylene) , resulting in 
the formation of a polymeric matrix containing the lipids. 

The preferred polymer according to the present invention is 
polydiacetylene obtained by polymerization of the monomer 
10, 12-tricosadiyoic acid. The preferred lipids according to 
the present invention are selected from the group consisting 
of dimirystoylphosphatydilcholine (DMPC) , 

dipalamitoylphophatidylchline (DPPC) , 

dimirystoylphosphoethanolamine (DMPE) , natural 

phosphatydilcholine (PC) , dimirystoylphosphatidylcholine 
(DMPG) , cardiolipin, dimyristoylphophatyldiserine (DMPS) , 
sphingomyelin, ceramide, galactosylderamide, 

lipopolysaccharide (LPS) and cholesterol, or mixtures 
thereof. 



Figure 1 provides a schematic representation of the 
polymeric matrix according to the present invention, showing 
the lipid chains embedded within the conjugated polymer. The 
morphologies of the polymeric matrix are generally 
ellipsoidal and spherical, and may include tubular shapes, 
rectangular sheets, as well as elongated and irregular 
shapes. Typically, the size distribution of the polymeric 
matrices is between 100 nm and 1000 nm length. 
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The method of detection according to the present invention is 
preferably carried out by contacting a solution that contains 
the polymeric matrix and the means allowing the analyte to 
cause a non-chemical change in the polymeric matrix, with a 
sample suspected of containing the analyte, at a temperature 
in the range between 25 to 30°C, more preferably at 27°C. The 
solution containing said polymeric matrix and said means is 
generally mixed with an equal volume of a buffer at pH of 
8.0, before the introduction of said sample thereto. 

According to a preferred embodiment of . the present invention, 
the analyte is a metal cation. To carry out the detection of 
a metal cation, a ionophore is added to a solution comprising 
the polymeric matrix, before or after said solution is 
contacted with the sample that is suspected to contain the 
analyte. Quantitatively, the molar ratio between the 
ionophore and the phospholipids comprised in the matrix is 
between 1:4 and 1:1, more preferably about 1:2. The ionophore 
is preferably selected from the group consisting of 
valinomycin, monensin and the divalent pyrrole A23187. The 
utilization of a particular ionophore for the purpose of 
detection is based on its selective affinities towards the 
cations suspected of being present in the sample. Preferably, 
metal cations to be detected by the present invention are 
selected from the group consisting of cations of alkaline 
metals, cations of alkaline earth metals and cations of 
transition metals. 

It has been found that the presence of several cations in the 
tested sample does not diminish the sensitivity of the 
detection method according to the present invention, towards 
the analyte of interest. This finding is quite surprising, 
since it is known in the art that the presence of several 
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cations tends to mask the cation of interest, thereby 
reducing the sensitivity of the detection. 

According to another preferred embodiment of the present 
invention, the analyte to be detected is a peptide. According 
to one variant, said peptide contains no more than 50 amino 
acids. More preferably, the number of amino acids in the 
peptide sequence is in the range of 10 to 30. 

Quantitatively, the molar ratio between the peptide and 
phospholipids is in the range between 1:1000 to 1:10, 
preferably about 1:100. 

It has been found that the detection method according to the 
present invention is sensitive to the amino-acid sequence of 
the peptides. The sensitivity of the method is reflected by 
either an analogue causing a different blue-to-red color 
transition in the polymeric matrix, compared with the native 
peptide, or by the analogue failing to induce any color 
transition, the polymeric matrix maintaining its blue color. 

The method according to the present invention can distinguish 
between melittin and analogues thereof, for example, an 
analogue in which lysine-7 has been substituted with leucine, 
an analogue in which leucine-9 has been replaced with 
tryptophan and an analogue wherein tryptophan-19 has been 
omitted. In these cases, the polymeric matrix appears more 
reddish in the presence of the analogues compared with the 
native peptide. 

The method according to the present invention can distinguish 
between magainin II and analogues thereof, for example, an 
analogue in which lysine-11 has been substituted with 
glutamic acid, and an analogue in which both lysine-10 and 
lysine-11 have been similarly replaced with glutamic acid. 
When brought into contact with said analogues, the polymeric 
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matrix maintained its blue color and did not exhibit the 
blue-to-red color transition induced by native magainin II. 
The present invention also allows to distinguish between 
magainin II and an analogue thereof in which phenylalanine-12 
has been substituted with tryptophan. It has been found that 
said analogue does induce a color change, albeit more 
moderate than native magainin II. 

The method according to the present invention distinguishes 
between alamethicin and analogues thereof, for example, an 
analogue in which proline has been moved from position 14 to 
position 12 in the sequence. When brought into contact with 
said analogue, the polymeric matrix maintained its blue color 
and did not exhibit the blue-to-red color transition induced 
by native magainin II. 

The color changes induced in the solutions containing the 
polymeric matrix occur within seconds after addition of the 
peptides. The speed of the assay, combined with the 
simplicity of detection, would be an important advantage over 
conventional anti-bacterial assays, which require, in 
general, much longer times to carry out. The assay is robust 
and can be easily expanded to include a variety of membrane 
models; this color imetric assay can be applied for rapid 
screening of anti-bacterial peptide activities, and could 
provide structural and functional information on 
peptide-membrane interactions and mechanisms of membrane 
permeability. Because of the direct relationships between the 
peptide sequences and color change of the polymeric matrix, 
the method according to the present invention may be used in 
biopharmaceutical applications and biochemical 

research-and-development . Among the potential applications 
are: high-throughout screening of antibiotic 

peptides libraries, diagnostic kits for antibiotic peptides, 
development of anti-microbial drugs which induce membrane 
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perturbations and/or lysis, and elucidating the factors 
affecting peptide-membrane interactions. 

According to another embodiment of the present invention, the 
analyte is a biological ligand that is preferably selected 
from the group consisting of antibodies, antigens and 
epitopes. The detection of these biological ligands is 
carried out by adding to the polymeric matrix a receptor 
having the capability to bind the ligand, said receptor being 
linked to a spacer arm located within the lipid domain of 
said matrix. According to a preferred variant, said spacer 
arm is a synthetic membrane peptide to which a receptor is 
synthetically attached, said peptide being at least partially 
hydrophobic, containing about 8 to 7 0 amino acids. According 
to another preferred variant, said spacer arm is a naturally 
occurring membrane protein a portion of which acts as a 
receptor. According to another preferred variant, said spacer 
arm is a recombinant membrane protein displaying the peptide 
receptor. According to another preferred variant, the spacer 
arm is one or more alkyl chains, preferably Ci 4 -C 2 i alkyl 
chains, which are synthetically linked to the receptor. 

Methods for attaching a receptor to a peptide, including a 
protein, or to an alkyl chain are known in the art. One such 
method, for example, is known as the phage-display peptide 
epitope library ( Smith, G.P., Scott, J.K. (1993) "Libraries 
of peptides and proteins displayed on filamentous phage", 
Methods Enzymol. vol 217, 228-257. Other methods concerned 
with the attachment of receptors to alkyl chains are 
described in Toledano, O. , Magdassi, S. (1997) "Formation of 
surface active gelatin by covalent attachement of hydrophobic 
chains", J. Colloidal Interf. Sci. vol. 193, 172-175. 

The spacer arm and the receptor attached thereto are added to 
the organic solution containing the lipids and the monomer, 
the molar ratio spacer arm: lipid being in the range between 
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1:50 to 1:500, preferably about 1:200. The organic solution 
is subsequently treated in the manner described above, to 
obtain an aqueous solution containing the polymeric matrix to 
which the receptor is bound through said spacer arm. 

Preferably, the biological ligand is an antibody and the 
spacer arm is a synthetic membrane peptide to which a 
receptor is synthetically attached, or a naturally occurring 
membrane protein a portion of which acts as a receptor. 
Specific epitope-antibody and/or antigen-antibody 

interactions have been detected in the following generic 
systems: antibodies raised against fd filamentous 
bacteriophage, and antibodies directed against the short 
"FLAG" peptide with the sequence DYKDDDDK, attached to the 
N-terminus of a transmembrane peptide domain. In the first 
system, the p8 helical membrane protein (which consists of 
more than 95% of the bacteriophage mass), was introduced into 
an organic solution containing the phospholipids and the 
monomer, as explained before. Following the procedure of 
sonication and polymerization, a blue-to-red color change has 
been detected only upon addition of the anti-fd antibodies to 
aqueous solution containing the polymeric matrix. Similarly, 
soluble anti-FLAG antibodies have been shown to induce 
colorimetric transitions in solutions of polymeric matrix 
containing the FLAG peptide covalently bonded to the 
N-terminal of the transmembrane sequence. 

The quantitative measure of the color transition exhibited by 
the polymeric matrix in the presence of the analyte is given 
by the Colorimetric Response (CR) , defined as: 
CR « (PB 0 - PBi) / PB 0 

Where PB = Afi rst wavelength / (Afi rst wavelength + Agecond wavelength) 



A is the absorbance measured at either the first wavelength 
in UV-vis spectrum or the second wavelength ( 640 nm and 
500 nm for polymeric matrix based on polydiacetylene) . PB 0 is 
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the ratio calculated for the control sample (without the 
analyte), while PBi is the value calculated for the solution 
containing the polymeric matrix according to the present 
invention and the analyte. UV-vis measurements were carried 
out at 27 °C on a Hewlett-Packard 8452A diode array 
spectrophotometer, using a 1cm optical path cell. 

The method according to the present invention is not limited 
to the qualitative detection of an analyte that is chemically 
non-reactive with lipids or with a polymer. By using 
calibration curves of colorimetric response versus analyte 
concentration, the quantity of analyte present in the tested 
sample may be determined. 

The above and other characteristics and advantages of the 
invention will be further understood from the following 
illustrative and non-limitative examples. 

Examples 

Preparation 1 

Preparation of a polymeric matrix composed of the polymer 
polydiacetylene and the lipid dimyristoylphosphocholine 

(DMPC) 

Synthetic dimyristoylphosphocholine (Avanti Polar Lipids, 
Alabaster, AL) and 10, 12-tricosadiynoic acid ( GFS Chemicals, 
Powell, OH) were dissolved in 1:1 chloroform: ethanol mixture 
and filtered through 0.8 micron filter. The phospholipid and 
the monomer were dried under vacuum for 3-4 hours. 2 ml of 
water was added to give a final concentration 0.8 mM lipid 
and 1.2 mM 10, 12-tricosadiynoic acid. The mixture was 
subjected to sonication at a temperature of around 70°C by a 
probe sonicator exhibiting a power of 100W, for 5 minutes, 
using 45 seconds sonication pulses interrupted by 15 seconds 
intermissions. Following sonication, the solution was cooled 
at 4°C overnight and irradiated at 254 nm in a uv irradiation 
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oven (cross linker) for 10-20 seconds in order to induce 
polymerization of the polydiacetylene. The solution acquired 
an intense blue color following irradiation. 

Under similar conditions, polymer matrices were prepared, 
comprising polydiacetylene and the following lipids: 

dipalamitoylphophatidylchline (DPPC) ; 
dimirystoylphosphoethanolamine (DMPE) ; 
natural PC; 

dimirystoylphosphatidylcholine (DMPG) ; 

cardiolipin, 

DMPS; 

Sphingomyelin; 
Cer amide ; 

Galactosylderamide; 
LPS; and 
cholesterol . 



Preparation 2 

Preparation of a polymeric matrix comprising the polymer 
polydiacetylene, the lipid dimyristoylphosphocholine (DMPC) 
and a biological receptor which is a peptide epitope 

The FLAG epitope, (DYKDDDDK) , was chemically synthesized as 
the N-terminus of a generic transmembrane peptide sequence, 
using Fmoc-based solid phase peptide synthesis (SPPS) . The 
overall sequence of the peptide was 

D Y K D D D DKGKKLALAL ALALALALKKA- Ami de . The peptide , dissolved in 
water, was mixed with a solution of chloroform: ethanol (1:1 
v/v) , containing dimyristoylphosphocholine (DMPC) and the 
monomer 10, 12-tricosadiynoic acid, the molar ratio between 
the peptide, the phosphlipid and the monomer being 1:200:300. 
The mixture was then dried in a rotor-evaporator for 8 hours. 
Following the drying, water was added to obtain a solution 
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containing the phospholipid and the monomer in concentrations 
of 0-4 mM and 0.6 mM, respectively. The aqueous solution of 
was then sonicated for 5 minutes (using a 100W probe 
sonicator) at a temperature of 70°C. Following sonication, 
the clear solution was cooled for 12 hours at 4°C. The 
solution was then brought to room temperature, and irradiated 
for 20 seconds at 254 ran, using a uv-oven (cross linker) 
operating at 0.8 J/cm 2 intensity. The solution acquired an 
intense blue color following irradiation. 



Example 1 

Detection of alkaline metal ions by a polymeric matrix 
comprising polydiacetylene and dimyristoylphosphocho line in 
the presence of the ionophore valinomycin 

Into 0.2 mL of a solution prepared according to Preparation 
1, was added 30 jlxL of trif luoroethanol containing the 
ionophore valinomycin. The concentration of the ionophore in 
the solution was 0.6 mM. Following the addition of a tris 
solution (0.2 mL) at pH of 8.5, the final concentration of 
the ionophore was 0.3 mM. 

The solution was used for the detection of cations Rb+, K+, 
Cs+, Na+ and L+, and each of the samples tested contained a 
single cation in concentration of between 1 to 10 mM. The 
results are given in Figure 2, showing the colorimetric 
response versus the ion concentration. It is apparent from 
the graph that for the ionophore valinomycin, the solution 
exhibits the most pronounced red color in the presence of 
rubidium ions, followed closely by potassium. Furthermore, a 
more moderate colorimetric transition is induced in the 
solution after addition of Cs + ions, while Li + and Na + ions do 
not seem to initiate a blue-red color change at all. 
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Example 2 

Detection of alkaline metal ions by a polymeric matrix 
comprising polydiacetylene and dimyr istoylphosphocholine in 
the presence of the ionophore monensin 

Into 0.2 mL of a solution prepared according to Preparation 
1, was added 30 ui of trif luoroethanol containing the 
ionophore monensin. The concentration of the ionophore in the 
solution was 0.6 mM. Following the addition of a tris 
solution (0.2 mL) at pH of 8.5, the final concentration of 
the ionophore was 0.3 mM. 

The solution was used for the detection of cations Rb+, K+, 
Cs+, Na+ and L+, and each of the samples tested contained a 
single cation in concentration of between 2 to 20 mM. The 
results are given in Figure 3, showing the colorimetric 
response versus the volume of the cation sample added to the 
polymeric matrix solution. 

The greatest color change is observed in the presence of 
Na + ions. The color changes occur within seconds after 
addition of the ions to the polymeric matrix solution, and 
they reach stability within tens of seconds. The counter 
ions do not seem to affect the extent of color changes. 

Example 3 

Detection of different metal ion s by a polymeric matrix 
com prising polydiacetylene and dimyristoylphosphocholine in 
the presence of the ionophore A23187 

Into 0.2 mL of a solution prepared according to Preparation 
1, was added 30 *iL of trif luoroethanol containing the 
ionophore A23187. The concentration of the ionophore in the 
solution was 0.6 mM. Following the addition of a tris 
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solution (0.2 mL) at pH of 8.5, the final concentration of 
the ionophore was 0.3 mM. 

The solution was used for the detection of the cations Co +2 , 
Ba +2 , Sr +2 and K+. Each of the samples tested contained a 
single cation in a concentration of between 0 . 5 to 5 mM . The 
results are given in Figure 4, showing the colorimetric 
response versus the concentration of the cation added to the 
polymeric matrix solution. 

The results given in examples 1 to 3 illustrate another 
potential use of the polymeric matrix according to the 
present invention for screening ionophore-type molecules for 
their ionic binding. 

Example 4 

The detection of a specific metal cation by a p olymeric 
matrix comprising polydiacetylene and 
dimyristovlphosphocholine and a inophores, in th e presence of 

another metal cation 

The detection method according to the present invention was 
tested with respect to a sample comprising a mixture of 
cations, K + and Na\ in order to assess the selectivity of 
the method. The detection procedure was similar to the one 
described in the preceding examples. 

Figure 5 depicts the extent of K + /Na + selectivity of a 
solution containing polymeric matrix comprising 
polydiacetylene and dimyristoylphosphocholine and a 
ionophore. Figure 5(A) features the uv-vis absorption spectra 
of the polymeric matrix in the presence of ionophore 
valinomycin, when mixed with samples of sodium and potassium 
ions at different molar ratios. The uv-vis spectra indicate 
that, even at a Na + to K + molar ratio of 1:300, the polymeric 
matrix still successfully discriminate between potassium and 



WO 00/55623 ^gf 1^ PCT7IL00/00158 

20 

sodium ions. The sensitivity towards the K + ions is apparent 
in the uv-vis spectra from the more intense "red band" at 
around 520 nm, compared to the "blue-band" at around 640 nm. 
The K + /Na + selectivity observed in the mixed vesicles is 
significantly higher than values reported for various 
commercially-available fluorescent ion-sensors . Similarly, 
Figure 5(B) demonstrates that the polymeric matrix together 
with the ionophore monensin exhibit selectivity of 
approximately 40 between Na + and K + . 

Example 5 

Detection of the peptide melittin by a polymeric matrix 
comprising polydiacetylene and dimyristoylphosphocholine 

Into 0.2 mL of a solution prepared according to Preparation 
1, comprising the polymeric matrix in a concentration of ImM 
was added 2mM tris solution (0.2 mL) . The pH of the solution 
was 8.5. Following the addition of the peptide melittin 
G I GAVLKVLTTGL PAL I S W I KRKRQQ (purified to >95% using 
reverse-phase HPLC) the solution was diluted to 1 cc, the 
final concentration of the peptide being 50 yM. Figure 6 
shows the UV/vis absorption spectra of the solution 
containing the polymeric matrices before and after the 
addition of melittin, clearly illustrating the shift of the 
absorption band resulting in a blue-to-red color transition. 

Example 6 

Detection of the peptide melittin by a polymeric matrix 
comprising polydiacetylene and various phospholipids 

Solutions containing polymeric matrix based on 
polydiacetylene and various phospholipids were prepared 
according to the procedure of Preparation 1 and were tested 
for the detection of the peptide melittin, a representative 
anti-bacterial peptide, in the same manner described in 
Example 5. The results are shown in Figure 7, depicting the 
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color imetric responses of the polymeric matrix, measured at a 
temperature of 27°C, as a function of the concentration of 
melittin. It is apparent from Figure 7 that the addition of 
melittin induces color changes not only in polymeric matrix 
containing dimyristoylphosphocholine (DMPC), but also in 
polymeric matrix incorporating dimiristoylphosphoethanolamine 
(DMPE), as well as mixtures of DMPE and 
dimiristoylphosphatidylglycerol (DMPG) , or DMPE and 
cardiolipin. Low color imetric response is detected upon 
addition of melittin to pure polidiacetylene (PDA) matrix (no 
lipids) . This colorimetric response was treated as a 
"background" in the analysis of the results. The titration 
curves of melittin, shown in Figure 7, reveal that the 
polymeric matrix could detect melittin even in micro-molar 
concentrations (colorimetric response of less than 20%, for 
example, would look like a distinct color change even to a 
naked eye] . Such concentrations approach values employed in 
conventional anti-bacterial assays. 

Example 7 

Comparison between polymeric matrix comprising 
polydiacetylene and dimyristoylphosphocholine (DMPC) and 
polymeric matrix comprising polydiacetyl ene and 
dipalmitovlphosphcholine (DPPC) for the detec tion of melittin 

at a temperature of 27°C 



on 
a 
on 



A solution containing a polymeric matrix based 
polydiacetylene and dimyristoylphosphocholine (DMPC), and 
solution containing a polymeric matrix based 
polydiacetylene and dipalmitoylphosphcholine (DPPC) , were 
prepared according to the procedure of Preparation 1, and 
were tested for the detection of the peptide melittin at a 
temperature of 27°C, in the same manner described in Example 
5. The results are shown in Figure 8, respectively. It is 
clearly apparent from the spectra that the detection of 
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melittin is successfully accomplished using the polymeric 
matrix comprising polydiacetylene and 

dimyristoylphosphocholine (DMPC) . However, the polymeric 
matrix comprising polydiacetylene and 

dipalmitoylphosphcholine (DPPC) fails to exhibit the 
blue-to-red color transition in the presence of melittin. The 
reason for this difference is that, contrary to DMPC, which 
forms a fluid lipid phase at 27°C, DPPC is in the gel-phase 
at said temperature. Since melittin does not penetrate lipid 
bilayers in the gel phase, it cannot induce the structural 
rearrangement within the lipid, which is necessary to drive 
the perturbation of the polymer backbone. The comparison 
given in this example shows that the method according to the 
present invention is useful in detecting chemically 
non-reactive analytes by virtue of their ability to form 
physical interactions, rather than chemical interactions, 
within the lipids in the polymeric matrix. 



Example 8 
Detection of melittin analogues 

Into 0.2 cc of a solution prepared according to Preparation 
1, comprising the polymeric matrix in a concentration of ImM, 
was added 2mM tris solution (0.2 cc) . The pH of the solution 
was 8.5. Following the addition of an analogue of the peptide 
melittin, in which Leu-9 was replaced with tryptophan 
(synthesized by Alpha Diagnostics Inc, San Antonio, TX, using 
standard Fmoc Chemistry and purified to >90% using 
reverse-phase HPLC) , the solution was diluted to 1 cc. 
Figure 9 provides a comparison between the colorometric 
response of melittin and its analogue (A.=500 nm) , clearly 
illustrating the ability of the present invention to 
distinguish between melittin and its analogue by virtue of 
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the polymeric matrix appearing more reddish in the presence 
of said analogue. 

Example 9 

Detection of magainin II and analogu es thereof 

Into 0.2 cc of a solution prepared according to Preparation 
1, comprising the polymeric matrix in a concentration of ImM, 
was added 2mM tris solution (0.2 cc) . The pH of the solution 
was 8.5. The solution was used for detecting the peptide 
magainin II ( G I GKFLH S AKKFGKAFVGE I MNS , (purified to >95% using 
reverse-phase HPLC) . Similar solutions were used to detect 
two analogues of magainin II: 

A first analogue, in which lysine-11 was replaced with 
glutamic acid; 

A second analogue, in which both lysine-10 and lysine-11 were 
replaced with glutamic acid. 

The analogues were synthesized by Alpha Diagnostics Inc, San 
Antonio, TX, using standard Fmoc Chemistry and purified to 
>90% using reverse-phase HPLC. 

Following the' addition of native peptide or the analogue, the 
solution was diluted to 1 cc. Figure 10 provides a 
comparison between the colorometric response of magainin and 
its analogues, clearly illustrating the ability of the 
present invention to distinguish between magainin and its 
analogues, by virtue of the polymeric matrix maintaining its 
blue color in the presence of said analogues. 

Example 10 

Detection of an antibody by a polymeric m atrix comprising 
polydiacetylene, dimyristoylphosphocho line and the Flag 

epitope 
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Into a solution prepared according to Preparation 2 (0.2 mL) 
was added 0.2 mL of PBS, followed by the introduction of 20 
jiL of an antibody solution (4 mg/mL) dissolved in PBS buffer. 
The results are given quantitatively in Figure 10, showing 
the colorimetric response versus the concentration of the 
Flag antibody in the solution, denoted by circles. For the 
purpose of comparison, the colorimetric response was measured 
in two additional systems: 

- Introduction of the FLAG antibody into a solution 
containing the polymeric matrix without the FLAG epitope 
(denoted by diamonds) 

- Introduction of a different antibody (non-FLAG 
specific) into a solution containing the polymeric 
matrix with the FLAG epitope (denoted by crosses) . 

The comparison clearly illustrates the sensitivity of the 
detection method according to the present invention. 

Example 11 

Figure 12 depicts C-13 NMR spectra acquired for solutions of 
polymeric matrix comprising DMPC and polydiacetylene, in 
which the DMPC molecules have been isotope-labeled with C-13 
at the two carbonyl positions. The C-13 spectrum shown in 
Figure 12 (A) corresponds to the two overlapping carbonyl 
signals from the DMPC molecules embedded within the polymeric 
matrix. Addition of valinomycin to the vesicles does not 
significantly affect the position or line-width of the C-13 
signal, as shown in Figure 12(B). However, further addition 
of the analyte (KC1) to the polymeric matrix solution induces 
a noticeable narrowing of the C-13 resonance, Figure 12(C). 
The significant reduction of the line-width of the C-13 
signal indicates a higher mobility of the carbonyls, which 
occurs in parallel with the blue-red color transition. It is 
clearly apparent that the introduction of the analyte does 
not shift the position of the C-13 signal, which would have 
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been expected in the case of a chemical reaction between the 
lipids and the analyte. 

While embodiments of the invention have been described by way 
of illustration, it will be understood that the invention can 
be carried out by persons skilled in the art with many 
modifications, variations and adaptations, without departing 
from its spirit or exceeding the scope of the claims. 
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CLAIMS 



1) A method for detecting the presence of an analyte in a 
sample, said analyte being chemically non-reactive with 
lipids or with a polymer having an absorption band which may 
be shifted from a first wavelength in the visible region to a 
second wavelength in the visible region, which comprises: 

a) providing a polymeric matrix comprising said lipids and 
said polymer; 

b) introducing into said sample or into said polymeric matrix 
means enabling said analyte to cause a non-chemical- change in 
said polymeric matrix; and 

c) contacting the sample with the polymeric matrix and 
observing a color transition of the matrix, indicating the 
presence of the analyte. 

2) A method according to claim 1, wherein the analyte is an 
ion and the means allowing said ion to cause a non-chemical 
change in the polymeric matrix are ionophores. 

3) A method according to claim 2 wherein the ion is a metal 
cation. 

4) A method according to claim 1, wherein the analyte is a 
biological ligand and the means allowing said ligand to cause 
a non-chemical change in the polymeric matrix are provided by 
a receptor having the capability to bind said ligand, said 
receptor being linked to a spacer arm located within the 
lipid domain of said matrix. 

5) A method according to claim 4, wherein the biological 
ligand is selected from the group consisting of antibodies, 
antigens and epitopes and the spacer arm is a peptide or one 
or more alkyl chains. 



_ PCT/1L00/00158 

WO 00/55623 

6) A method according to claim 1, wherein the analyte is a 
peptide. 

7) A method according to claim 6, wherein the analyte is a 
short membrane peptide containing no more than 50 amino 
acids . 

8) A method according to claim 6, wherein the analyte is a 
membrane protein. 

9) A method according to claim 1, wherein the polymer is 
polydiacetylene obtained by polymerization of a monomer 
selected from the group consisting of tricosadiynoic acid, 
tricosadiynoic methyl esters, pentacosadiynoic acid and 
pentacosadiynoic methyl esters. 

10) A polymer according to claim 1, wherein the lipids are 
selected from the group consisting of phospholipids, 
sphingolipids, ceramides and glycolipids. 

11) A method for distinguishing between a native peptide and 
an analogue thereof, which comprises the steps of: 

a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample suspected of 
containing said peptide or an analogue thereof, and comparing 
the color observed with the color expected in the presence of 
the native peptide, to determine whether the native peptide 
or an analogue thereof is present in the sample. 

12) A method for distinguishing between a first analogue of a 
native peptide and a second analogue thereof, which comprises 
the steps of: 
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a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample suspected of 
containing said first analogue or said second anlogue, and 
comparing the color observed with the color expected in the 
presence of said first analogue or said second analogue, to 
determine which analogue is present in the sample, 

13) A method for the evaluation of the biological activity of 
an analogue of a native peptide, which comprises the steps 
of: 

a) providing a polymeric matrix comprising lipids and a 
polymer, said polymer having an absorption band which may be 
shifted from a first wavelength in the visible region to a 
second wavelength in a visible region; 

b) contacting the polymeric matrix with a sample containing 
said peptide analogue, and comparing the color observed with 
the color expected in the presence of said native peptide; 

c) assessing the difference between the color observed and 
the color expected, to evaluate the similarity between the 
biological activity of said analogue and said peptide in 
membrane-related system. 
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